The aim was to determine, in a cross-sectional study, the relation between structural alterations in the heart and carotid arteries, and blood pressure (BP) changes from day to night time, measured by ambulatory BP (ABP). In 225 untreated subjects ( 
Introduction
Several studies have demonstrated that the prevalence of carotid atherosclerosis is related to the level of clinic blood pressure (BP). [1] [2] [3] [4] [5] [6] [7] [8] [9] We have previously reported that systolic BP (SBP), as measured by 24-h monitoring, is an important determinant of wall thickness in the carotid arteries. 10 In small groups of hypertensive patients carotid wall thickness is more evident when ambulatory BP (ABP) is increased. 11, 12 A number of studies have demonstrated that an increase in carotid artery intima-media thickness is associated with a greater risk of cardiovascular events, both in general populations and in patients with ischaemic heart disease. [13] [14] [15] [16] Much attention common carotid, in the carotid bifurcation, in the internal carotid artery and average intima-media thickness were significantly greater in untreated non-dippers as compared with dipper subjects (ANOVA P Ͻ 0.05). A significantly higher prevalence of plaque was observed in untreated non-dippers as compared with dippers (P ‫؍‬ 0.002). After adjusting for age, sex, 24-h SBP, and smoking, IMT in the carotid bifurcation and average intima-media thickness remained significantly greater in non-dipper subjects (P Ͻ 0.05 for all comparisons). No significant differences in LV mass were observed between dippers and non-dipper subjects. In conclusion, in a general population of unselected middleaged subjects, night time BP values, among other risk factors, seem to represent an important determinant of carotid wall structure.
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has also been addressed on the daytime and night time values of BP, with particular emphasis to the importance in the lack of nocturnal decrease of BP in patients with left ventricular hypertrophy (LVH) 17 or with increased minimal vascular resistance. 18 It has been recently observed that in hypertensive patients who did not show a decrease of BP during night time the intima media thickness of the common carotid artery was greater as compared with patients with a sleep reduction of BP. 19, 20 In the present population-based cross-sectional study, designed to estimate the prevalence of structural changes both in the heart and in the carotid arteries in middle-aged subjects, the carotid intimamedia thickness and the presence of plaque, as well as the presence of LVH, were determined in relation to an altered diurnal BP rhythm, obtained by ambulatory monitoring, before and after correction for other traditional risk factors.
Journal of Human Hypertension

Methods
Study population
The data reported in this paper comes from the Vobarno study, which was performed to gather information on the prevalence of structural changes in the heart and carotid arteries in middle-aged subjects. The methodological aspects of the Vobarno study have been reported in detail elsewhere. 10 Briefly, 284 subjects were selected from the population living in Vobarno, a small town in northern Italy (Brescia). A total of 225 subjects were untreated and 59 subjects were taking drugs (mainly antihypertensive and/or anti-anginal). The study protocol was approved by the institution committee on human research.
Obesity was defined according to National Institute of Health Consensus Development Panel criteria 21 as body mass index (kilograms per square meter of height) greater than 27.8 in men and 27.3 in women. Blood was drawn on the same day as the 24-h BP monitoring after fasting and abstinence from smoking for 12 h. Total serum cholesterol, triglycerides, glucose and uric acid were determined.
Carotid ultrasound: B-mode imaging of carotid arteries was performed using a Hewlett Packard Sonos 1000 echocardiographic unit (Hewlett Packard, Andover, MA, USA) equipped with a 7.5 MHz imaging transducer. Subjects were investigated lying in supine position, with slight hyperextension of the neck, and the common carotid artery, the carotid bifurcation and the extra cranial portions of internal and external carotid arteries were identified. The average duration of the scanning was 30 min and the entire scanning procedure was recorded on a 1/2 inch super VHS videotape. All carotid measurements were subsequently performed by two independent readers, unaware of the subject's identity, echocardiographic measurements and risk factors, and average values were considered; VCR recordings of the entire scanning were analysed using the measure morphometry software of the echo unit.
Measurements included end-diastolic (minimum diameter) intimal-medial thickness of the far walls (IMT) (the distance from the leading edge of the first echogenic line to the leading edge of the second echogenic line) as described previously by Pignoli, 22 and end-diastolic (minimum diameter) internal diameter (D) of all the segments explored. Several measures were obtained in each arterial segment according to a previously described protocol [23] [24] [25] and the mean value of all measurements on both sides for each segment was calculated. The average intima-media thickness was defined as the average of mean intima-media thicknesses in the six carotid segments examined.
Repeated scans were recorded randomly and measured on two different occasions in a group of 20 subjects, and interobserver and intraobserver coefficient of variation for measurements of intimamedia thickness was 7.6% and 6.9% respectively, comparable with those reported by Salonen et al. 26 According to the criteria proposed to demonstrate carotid atherosclerosis by B-mode ultrasound in recent multicentre trials, [23] [24] [25] 27 a normal wall was considered when intima-media thickness was Ͻ1 mm, wall thickening when intima-media thickness was у1 mm and Ͻ1.3 mm, and a plaque was considered in the presence of IMT equal or greater than 1.3 mm.
Echocardiography: All subjects underwent standard echocardiographic evaluation and in 223 untreated subjects it was possible to record an echocardiogram of good quality, using a 2.5 MHz transducer with a Hewlett Packard Sonos 1000 echocardiographic unit. The procedure followed for visualization and interpretation of the LV structure has been previously described. 10 LV measurements were performed according to the recommendations of the American Society of Echocardiography. 28 LV mass was calculated according to the Penn Convention 29 and indexed to body surface area (BSA), calculated by the formula of Dubois and Dubois. 30 LVH was considered present if the left ventricular mass index exceeded 110 g/m 2 in women or 134 g/m 2 in men. 31 Echocardiographic tracings were calculated blindly by two expert independent readers and the average measurements were considered. Intraobserver and interobserver coefficient of variation of measurements for LV mass index in both normotensive subjects and hypertensive patients were 8.2 and 9.2% respectively.
Blood pressure measurements:
Resting BP was measured by the same physician with a mercury sphygmomanometer. Three measurements were taken in a sitting position after 10 min of rest. The diagnosis of essential hypertension was determined according to WHO/ISH guidelines (an increase in SBP у140 mm Hg and/or diastolic BP (DBP) у90 mm Hg) 32 and the absence of laboratory and/or clinical findings suggesting secondary forms of hypertension.
Twenty-four hour BP and heart rate were evaluated by non-invasive automatic monitoring (Spacelabs model 90207: Redmond, WA, USA). The interval between two subsequent measurements was 20 min from 7 am to 11 pm, and 30 min from 11 pm to 7 am, with a total number of about 64 measurements. Subjects were instructed to remain motionless and to record their activity on a diary sheet. The recorder automatically discarded false readings (eg, arm in motion or sound interference during recording). Furthermore, additional readings were rejected during computer analysis if differential BP was less than 20 mm Hg, DBP was less than 50 mm Hg or SBP was more than 260 mm Hg in isolated readings. Less than 15% of the total readings were rejected as artifacts. Recordings were only included in the study if at least 85% of the maximal number of 64 readings during the 24-h period passed the deletion criteria. We calculated the following values from the 24-h BP profiles: mean 24-h systolic and diastolic values, mean daytime systolic and diastolic values, mean night-time systolic and diastolic values, and the absolute difference between mean daytime and night time systolic and mean diastolic values.
Subjects were defined 'dippers' if their daytime (7 am to 11 pm) SBP decreased by at least 10% during night time (11 pm to 7 am) and all other subjects were classified as 'non-dippers'
Statistical analysis
Data were stored and analysed with BMDP Statistical software programs 7D, 8D, 2V, LR and 2R (BMDP Statistical Software, Los Angeles, CA, USA). All data are expressed as mean ± s.d. Dippers and nondippers were analysed by analysis of variance (ANOVA), and significance was calculated with Scheffe's method for multiple comparison. Frequency distribution were analysed by 2 -test. Carotid and LV structure were also compared in subjects dippers and non-dippers by means of analysis of covariance (ANCOVA), considering source of variability age, sex, smoke, the average value of SBP during 24 h.
The relation between continuous variables was evaluated by linear regression.
Results
Study population
The study population consisted of 225 untreated and 59 treated subjects. Of the 225 untreated subjects (118 men and 107 women, mean age 57.5 ± 3.6 years) 152 were classified as dippers and 73 as nondippers. In the group of patients (24 men and 35 women, mean age 59 ± 4 years) who were taking drugs (mainly cardiovascular), 33 were classified as dippers and 26 and non-dippers. In untreated subjects, in the non-dippers group, a slightly but significantly greater prevalence of male sex was observed (45 M, 28 F, P ϭ 0.03), while no differences were observed in age, body mass index, smoking habits, serum total cholesterol (227 ± 38 and 229 ± 48 mg/dl, respectively in dippers and nondippers) and glucose (90 ± 13 and 95 ± 12 mg/dl, respectively in dippers and non-dippers).
In treated subjects no differences were observed between dippers and non-dippers in respect to in age, sex, body mass index, smoking habits, serum total cholesterol (233 ± 44 and 212 ± 51 mg/dl, respectively in dippers and non-dippers) and glucose (95 ± 15 and 97 ± 20 mg/dl, respectively in dippers and non-dippers). 
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85 ± 8 8 5± 9 N S 24-h SBP (mm Hg) 120 ± 10 125 ± 10.5 = 0.0007 24-h DBP (mm Hg) 76 ± 7 7 9± 8 N S Daytime SBP (mm Hg) 126 ± 10 127 ± 10 NS Daytime DBP (mm Hg) 81 ± 8 8 1± 7 N S Night-time SBP (mm Hg) 109 ± 10 122.5 ± 12 Ͻ0.001 Night-time DBP (mm Hg) 65 ± 7 7 5± 8 Ͻ0.001 Hypertension (%) 44 43 NS
Blood pressure measurements
Clinic and ambulatory BP measurements are reported in Table 1 (untreated subjects) and Table 2 (treated subjects). In untreated subjects, the 24-h SBP, but not DBP mean value was significantly greater in non-dippers patients as compared with dippers. By definition, night time systolic and diastolic BP was significantly greater in non-dippers patients. No significant differences were observed for clinic BP values and for the prevalence of hypertension.
Carotid structure
Univariate analysis between 24-h BP and carotid structural changes in the study group as a whole, showed that mean common carotid intima-media thickness (r ϭ 0.19, P Ͻ 0.01), mean bifurcation intima-media thickness (r ϭ 0.19, P Ͻ 0.01) and average intima-media thickness (r ϭ 0.23, P Ͻ 0.001) were significantly related to mean 24-h SBP.
Untreated subjects: Common carotid diameter was not different between dippers and non-dippers (6.2 ± 0.7 vs 6.05 ± 0.64 mm ANOVA, P Ͻ 0.08). Intimamedia thickness in the common carotid, carotid bifurcation and in the internal carotid artery and average intima-media thickness were significantly greater in non-dippers than in dippers. These differences remained significant for carotid bifurcation and average intima-media thickness after adjusting for baseline differences in age and mean 24 h SBP and for other possible source of variability such as gender and smoking (Table 3) . Intima-media thickening and plaque prevalence were significantly higher in non-dippers than in dippers subjects ( Figure 1 ). No significant differences were observed when considering men and women separately.
A logistic regression analysis, including traditional risk factors and 24-h monitored BP, confirmed the association between the lack of a reduction of night time BP and the presence of a greater average IMT (P ϭ 0.02).
Treated subjects: No differences were observed, between dippers and non-dippers in intima-media thickness in the common carotid artery, carotid bifurcation and internal carotid artery and average intima media thickness (Table 4 ). The prevalence of plaque or intima-media thickening was not different between dippers and non-dippers (45% vs 35% for plaque prevalence and 48% vs 39% for intima media thickening, respectively), suggesting the possible influence exerted by the use of drugs for the treatment of hypertension and/or ischaemic heart disease on both the circadian BP variation and on the vascular wall thickness.
Cardiac structure: No significant differences in LV mass index were observed between the dippers and non-dippers subjects, both in untreated and treated subjects (Tables 3 and 4 ). The prevalence of LVH was not different between dippers and non-dippers (17% vs 13% in untreated subjects and 29% vs 22%, in treated subjects, respectively).
Discussion
In the present study we observed an increase of intima-media thickness and plaque prevalence in the carotid arteries, in subjects without a clear reduction of BP during the night. To date, the presence of vascular structural changes as related to the nocturnal BP fall in a general population have not been evaluated. Only few studies have addressed this relation in hypertensive patients, in whom abnormalities in small resistance vessels structure have been previously reported, as related to circadian BP changes. Rizzoni et al 18 observed that minimal vascular resistance was significantly related to ABP values and variability, and that forearm minimal vascular resistance was greater in those patients with a decrease of nocturnal mean arterial pressure of less than 10% of the mean daytime BP. A significantly higher minimal vascular resistance was also demonstrated in 45 hypertensives without a decrease in systolic and diastolic BP during asleep period greater than 10% compared with 45 dipper patients, matched for sex, age, body mass index, smoke and lipids. 19 The authors also found that intima-media thickness was higher in non-dipper patients than in dippers, while carotid crosssectional area and the prevalence of atherosclerotic plaques (according to Salonen), tended to be higher in non-dippers; different results were observed in men and women, suggesting that a more advanced vascular disease may be influenced by a different circadian profile in women, but not in men.
In a larger group of unmedicated hypertensive patients, 20 non-dippers were more likely to have carotid plaque and an increased common carotid intima-media thickness, although adjustment for age rendered these differences insignificant and there-fore the lack of a nocturnal fall in BP was not associated with carotid arterial disease, independently of age. When Roman et al 20 analysed the data separately for men and women, results did not change substantially and the small differences observed between female dippers and non-dippers were again eliminated after controlling for age. In the present study, despite the fact that age results in the strongest determinant of the intima-media thickness in the carotid arteries, findings were confirmed after we had controlled for age; the different vascular structure cannot be attributed primarily to the older age of non-dippers subjects, since it remained statistically significant after controlling for age.
Ferrara et al, 33 in a group of 56 previously untreated hypertensive patients (45 classified as dippers and 11 as non-dippers), observed a slight but statistically significant increase of the left ventricular internal diameter and a greater transmitral atrial filling velocity in non-dippers in respect to dippers. Relative wall thickness and intima media thickness of the carotid artery were comparable in the two groups, although clinic and 24-h BP values were higher in non-dippers.
Cuspidi and colleagues 34 evaluated the effect of elevated night time BP on left ventricular and carotid structure in 111 untreated patients with recent diagnosis of arterial hypertension (78 dippers and 33 non-dippers). Intima-media thickness, internal diameter of the common carotid artery and the prevalence of carotid plaques were comparable in the two groups. Left ventricular mass and common carotid artery IMT were similarly correlated to daytime and to night time systolic and diastolic BP and in the two groups of patients clinic and 24-h BP values were comparable. This is to say that, when 24-h BP load is similar in dippers and non-dippers, the reduced nocturnal BP fall might not always be associated to a greater cardiac or vascular damage; in our study, however, the differences in carotid intima media thickness and cross-sectional area remained statistically significant even after adjusting for baseline differences in 24-h SBP.
The relation between carotid structural alterations and clinic and 24-h BP have been extensively studied in the ELSA study (European Lacidipine Study on Atherosclerosis), a large, prospective international study evaluating the effect of treatment with a calcium channel blocker or a beta-blocker on the changes of carotid artery walls alterations. 35 At baseline in this group of uncomplicated hypertensive patients with a very high prevalence of carotid structural alterations intima media thickness was related to 24-h BP mean values to a greater extent in respect to those measured in the clinic; no data related to daytime or night time differences have been yet reported. At present the published data in the literature are conflicting and the relation between daytime and night time BP and cardiac and carotid structural alterations are not completely clear; there is however general agreement in that Journal of Human Hypertension noninvasive 24-h ABP monitoring can be superior to clinic BP in predicting vascular and cardiac damage. 36 In our study no significant differences were observed when considering men and women separately. The reported gender-related importance of the dipping phenomenon is somewhat difficult to explain. 37 Verdecchia et al 38 have previously observed that the non-dipper women seem to have a greater LV mass than the dipper ones, while this phenomenon is not evident in men; the greater cardiovascular morbidity reported by Verdecchia in non-dipper than in dipper women has been attributed to the increased LV mass. In this study we found no difference in LV structure and mass or prevalence of LVH between subjects of a general population with and without a nocturnal decrease of BP. These data confirm previous findings in male hypertensive patients 39 or in patients of both genders. 20, 40 The possibility that a greater sleeping BP load is necessary to cause vascular damage in women, but not in men, may represent a possible mechanism; however, some different hormonal changes can only partly account for the different circadian BP levels, since the development of more serious cardiac and vascular structural abnormalities may be related to several other genetic and humoral determinants. 41 Several methodological considerations could be responsible for different results. We have arbitrarily measured night time BP from 11 pm to 7 am, although subjects recorded in a diary the time of awakening and retiring. In a recent prospective study comparing actual awake and sleep times vs arbitrary day and night periods of 24-h BP recordings no significant differences could be observed; the fixed method tended to overestimate the level of BP during sleep and therefore underestimate the day-to-night time difference. 42 Another methodological issue is the definition of abnormal BP fall. In order to compare results with Roman 20 we have chosen a greater 10% drop in SBP; however, only four subjects had a drop in SBP Ͼ10% without a comparable drop in DBP and using the more restrictive criteria used by Piedomenico et al 15 we have obtained similar results.
In treated subjects the difference in vascular structure were not confirmed, suggesting the possible influence exerted by the use of drugs for the treatment of hypertension and/or ischaemic heart disease on both the circadian BP variation and on the vascular wall thickness. In this study we obtained a reliable estimate of the association between BP and vascular carotid structure, considering separately both never-treated subjects and subjects receiving long-term treatment; the use of antihypertensive treatment may have importantly influenced previous results. [1] [2] [3] [4] [42] [43] [44] The increased average intima-media thickness and the higher prevalence of atherosclerotic plaques (usually present in the carotid bifurcation and internal carotid bulb) detected among non-dippers may suggest that the reduction of physiological nocturnal hypotension represents the consequence, rather than the cause of cardiovascular damage.
Despite the homogeneity of the study population may limit extrapolation of results to different general populations or large groups of hypertensive patients, the results of this study suggest that the increase in carotid thickening and plaque are more strongly associated than LV mass with a circadian profile of SBP and this relation is independent of age.
Furthermore, the results of our study can, in part, explain the recent findings from the Syst-Eur trial, showing that among all ABP monitoring measures night time SBP and night-to-day ratio of SBP were more strongly related to the development of cardiovascular events in the follow-up. 45 
